A lithium silicon alloy was synthesized by mechanical alloying method. Hydrogen storage properties of this Li-Si-H system were studied. During hydrogenation of the lithium silicon alloy, lithium atom was extracted from the alloy and lithium hydride was generated. Equilibrium hydrogen pressures for desorption and absorption reactions were measured in a temperature range from 400 to 500 C to investigate the thermodynamic characteristics of the system, which can reversibly store 5.4 mass% hydrogen with smaller reaction enthalpy than simple metal Li. Li absorbing alloys, which have been widely studied as a negative electrode material for Li ion rechargeable batteries, can be used as hydrogen storage materials with high hydrogen capacity.
Introduction
Thermodynamic properties of lithium-silicon alloys and their hydrogen (H 2 ) absorption and desorption properties were investigated. Utilization of H 2 as an energy carrier in a transport sector contributes to reduction of CO 2 emission. H 2 storage technique is one of the key factors for practical use of fuel cell vehicles [1] . H 2 can be stored in materials with high volumetric H 2 density, compared to compressed gas or liquid H 2 . The requirements for H 2 storage materials also include appropriate thermodynamics, fast kinetics, high gravimetric densities and long cycle lifetime.
Thermodynamics and kinetics have a significant influence on the temperature for H 2 release. The targets of performance, set by US Department of Energy's Office of Energy Efficiency and Renewable Energy, are gravimetric H 2 density of > 9 mass% and operating temperature range of -40 -85 C [2] . Recently, H 2 storage materials composed of light elements, such as NH 3 BH 3 [3] , AlH 3 [4] and NH 3 [5, 6] , have been investigated due to the advantage of high gravimetric H 2 density. These materials have high H 2 capacity and relatively low temperature for H 2 release. However, NH 3 BH 3 and AlH 3 show poor reversibility and NH 3 shows toxicity and a pungent odor.
Our group has reported that lithium intercalated graphite LiC 6 can absorb and desorb H 2 through the following reaction [7] : Li-Si alloy, which should be thermodynamically more stable than LiC 6 , was used to demonstrate a reversible H 2 storage system with high capacity through the following reaction in this work:
In previous studies, the pressure of H 2 liberated from a mixture of LiH and Si has been measured and the thermodynamic characteristics of Li 2 Si has been estimated [14] . Vajo et al. have reported on the destabilization of LiH with Si [15] , where mixture of LiH and Si as a starting material was prepared using mechanical milling. In this work, a mixture of Li and Si was mechanically alloyed and then this alloy was used as a starting material to investigate H 2 storage properties.
Experimental
Li-Si alloy was synthesized by the mechanical alloying apparatus (P7, Fritsch) from Li (99.9 %, Sigma-Aldrich Co.) and Si (99.999 %, Kojundo Chemical Lab.
Co.,Ltd.) with a 4:1 molar ratio under 0.1 MPa Ar atmosphere for 2 h. Handling of all the chemicals took place in a glove-box filled with purified Ar to avoid being exposed to air and moisture. A powder X-ray diffraction measurement (XRD, RINT-2500V, Rigaku) was performed to identify phases in the samples. The X-ray source was Cu-Kα ( = 1.54 Å). To avoid oxidization during measurement, the sample was covered with a polyimide sheet (Kapton®, Du Pont-Toray Co.,Ltd.). H 2 pressure-composition isotherms (PCIs) were measured using a Sieverts type apparatus (Suzuki Shokan Co., Ltd.).
Results and discussion
Powder XRD profile of synthesized Li-Si alloy is shown in Fig. 1(a) . No diffraction peak corresponding to pristine Li and Si is found. In addition, the profile does not match with any XRD pattern in the ICDD-PDF database. Therefore, we suppose an unknown Li-Si phase (cubic, a = 18.58 Å) appears. The Li-Si alloy was heat-treated at 300 C under 3 MPa H 2 atmosphere for 8 h to absorb H 2 . Fig. 1(b) shows XRD profile of the product after the heat treatment, suggesting that hydrogenation of the Li-Si alloy occurs and LiH and Si are generated. Then, this product was heat-treated at 400 C under vacuum for 8 h to desorb H 2 . As shown in Fig. 1(c) , XRD profile of this product indicates that Li 2.33 Si is generated as the dehydrogenated state. A small amount of LiH remains unreacted, suggesting that heat treatment at higher temperature is needed for a complete dehydrogenation. Fig. 1(d) shows XRD profile of the same product after heat treatment at 500 C, which is higher than 400 C, under vacuum for 8 h as dehydrogenated state, suggesting the product is a mixed phase of Li 3.25 Si and Pressure-composition isotherms were measured to determine thermodynamic properties of H 2 absorption and desorption for the Li-Si alloy. After mechanically alloying the samples of Li and Si with 4 : 1 molar ratio, the sample was hydrogenated and dehydrogenated at 300 and 400 C, respectively. The product was provided for PCI measurements at 400, 450 and 500 C. The samples in vessels were evacuated during heating to the measurement temperatures. Since the system showed fast kinetics in both absorption and desorption measurements, a sufficient waiting time for the equilibrium was around 5 minutes. PCI profile of H 2 absorption to Li-Si alloy at 400 C as shown in Fig.1(b) ), and, Li 2.33 Si (Fig. 1(c) ) and Li 3.25 Si ( Fig. 1(d) ) as partially hydrogenated intermediate phases. Fig. 1 .
Li-Si alloy is indeed more stable than Li or Si, and the stability becomes large with increasing number of Li atom per Si atom in the alloy. than that of LiH.
Conclusions

